otato (Solanum tuberosum L.) is considered as an important crop worldwide and it comes after the cereal crops in the economical importance (Mahgoub et al., 2015) . Over the years, potato has become an important crop for both farmers and consumers worldwide. In Egypt, potato was introduced on the small scale during the nineteenth century, it is nowadays the second most important vegetable crop after tomato; and Egypt is one of the largest producers and exporters of potatoes in Africa (Ramadan, 1981) . Potatoes are grown in Egypt for local consumption, export and processing industries (Abd-Elgawad and Youssef, 2008) . Furthermore, beside carbohydrates it is a good source of vitamins, mainly B and C complexes and mineral salts. (Esfahani et al., 2009 ).
The correct identification, characterization and evaluation of conserved genotypes are fundamentally important for genetic improvement programs and for detecting duplicates in germplasm banks (Goncalves et al., 2008; Sudre et al., 2010; Abdellatif et al., 2012) . The genetic deviation can be evaluated based on agronomic, morphological, biochemical, physiological and molecular characteristics (Goncalves et al., 2008) . Studies with molecular markers have made significant contributions for understanding the genetic diversity. When compared with other types of markers, they present a greater number of polymorphic loci, which allows distinguishing between accessions that may have similar to the morphological and agronomical traits (Abouzied et al., 2013) .
Several methods were recommended for potato cultivar identification such as RAPD (McGregor et al., 2000) , AFLP (Van Treuren et al., 2004) , SSR (Ghislain et al., 2004) and ISSRs (Miz et al., 2008; Aguilera et al., 2011; Hardiganl et al., 2014) . ISSR marker is often chosen to perform these studies considering the advantages regarding high speed and polymorphism (Abdellatif and Soliman, 2013) , therefore, it clearly shows genetic variations among studied potato cultivars (Mahfouz et al., 2012) . The superiority of ISSR marker over other techniques has been identified in several studies. Prevost and Wilkinson (1999) found that five ISSR primers were adequate to distinguish among 35 varieties of potatoes. Aversano et al. (2009) and Mumtaz et al. (2010) identified thirteen ISSR primers to investigate the broad variability in cytoplasmic and nuclear DNA of Solanum genotype regenerated plantlets and emphasized that ISSR markers, due to its fast, high reproducibility and low cost, it offered useful information, and suitable for the analysis of genetic variations in this method of proliferation.
This study was conducted to investigate the genetic relationships among 26 potato (Solanum tuberosum L.) genotypes grown in Egyptian sandy soil using both morphological characteristics and molecular markers. The potato growth, yield and tuber quality were evaluated in this study.
MATERIAL AND METHODS

Plant material
Twenty-six potato genotypes including five cultivated genotypes (Spunta, Desiree, Sophie, Red Sun and Safari) have been kindly obtained from HZPC and DE NIJS potato companies (Table 1) .
These potato genotypes were used for both morphological and molecular experiments.
Morphological experiment
Two field experiments were carried out during the two growing seasons of 2014 and 2015 at the farm of Environmental Studies and Research Institute, University of Sadat City, Minoufiya, Egypt. The morphological experiments were carried out in order to study the characteristics of yield and its components and quality of tubers under sandy soil conditions to evaluate these twentysix potato genotypes. The physical and chemical analyses of the soil are presented in Table ( 2). The twenty-six potato genotypes were cultivated in a randomized complete block design (RCBD) with three replications. Each genotype was planted in three rows of 3 m long and 0.9 m wide. Tubers from each genotype were sown at the end of January in the two growing seasons (2014 and 2015) and spaced at 25 cm apart. The normal agriculture practices for growing potato plants were applied whenever required.
Total yield and tuber quality
After 120 days of planting, tubers from each plot were harvested, weighted, counted and graded for recording the following data; number of tubers/plant, average weight of tuber (g), average yield of tubers/plant (g), total yield/plot and then calculated as ton/ Feddan. The potato tubers were graded into four sizes: grade 1 (more than 70 mm in diameter); grade 2 (55 to <70 mm in diameter); grade 3 (35 to >55 mm in diameter); and grade 4 (less than 35 mm in diameter). Tubers of each grade were weighted and its percentage from the total marketable yield was calculated.
Morphological Statistical analysis
The recorded morphological data were subjected to statistical analysis of variance as described by Snedecor and Cochran (1967) to identify significant treatments and/or interaction effects using 'F test' by the SAS program. The means of the treatments were compared by the Student's Least Significant Difference (LSD) value at a 5% of probability level. The averages of the morphological traits were calculated for each genotype (the averages of the two seasons and the three replications). The averages of the morphological data were used for constructing the two-way hierarchical analysis using JMP IN 7 software (Lehman et al., 2005; SAS, 2003) .
Molecular marker analysis
DNA extraction
About a 100 mg of the tubers of each genotype was grounded in liquid nitrogen using a pestle and mortar to the fine powder. The grounded samples were used for DNA isolation using the DNA extraction kit (iNtRON Biotech., Inc.) according to their manufacturer instruction and the concentration was adjusted at 25 ng/µl.
PCR amplification and electrophoresis
Ten random 10-mer primers were used for RAPD analysis (Table 3 ). The PCR reaction was contained a 50 ng DNA template, 7.5 μl of PCR master mix (iNtRON Biotech., Inc.) and 0.25 µm of the primer. The volume was adjusted up to 15 μl using ddH 2 O. The PCR program consisted of an initial denaturation step at 94C for 5 min., followed by 35 cycles of a template denaturation step at 94C for 40 seconds, primer annealing step at 32C for 35 seconds and primer extension step at 72C for 40 seconds, followed by storage at 10C. The products were separated on a 1.5% agarose gel electrophoresis and then gels were photographed for analysis.
Ten ISSR primers were used to perform ISSR analysis (Table 3) . PCR reaction was performed in a 15 μl of reaction volume containing 7.5 μl of master mix, 50 ng (2 μl) of DNA template and 0.25 µm of the primer. PCR program was carried out for 36 cycles at 94C for 45 seconds, 49C for 50 seconds and 72C for 45 seconds. A primary denaturation step at 94C for 5 min. and a final extension step at 72C for 7 min were applied. PCR products were separated on a 2% agarose gel electrophoresis, and then gels were photographed for analysis.
Data handling and cluster analysis
Both RAPD and ISSR gels were scored for presence or absence of the amplified fragments for each primer as 1 or 0, respectively. The scored data of both ISSR and RAPD markers were used to generate dendrograms. Similarity, matrices were calculated using Jaccard coefficient's algorithm (Sokal and Sneath, 1963) and used to construct dendrograms using UPGMA method (Rohlf, 1998) . Dendrogram was used to determine the genetic relationships among the different investigated genetic material under study. The analysis was conducted using NTSYS-pc software (Rohlf, 1998) .
RESULTS AND DISCUSSION
Morphological experiment of yield and its components
The analysis of variance (ANOVA) of the potato yield traits and its components showed highly significant differences among genotypes, growing seasons and the interaction between genotypes and growing seasons for all the studied traits (Table 4) .
Some traits showed better performances during the growing season of 2015 such as tuber weight in grams, tuber yield/plant in grams and the percentage of tuber size (35-55 and 55-70 mm in diameter traits); while the other parameters (e.g. total yield/Feddan and percentage of tuber size <35 and >70 mm in diameter) were better in the growing season of 2014 (Table 5).
The NAP genotype gave the highest significant values for the yield parameters (yield/plant 960 g and total yield/Feddan 16107 Kg) overall the other genotypes and the NIZ genotype gave the highest significant value (146.5 g) for the tuber weight trait. On the other hand, OH, Cleopatra and Sophie potato genotypes showed the least significant values for tuber weight (50.9 g), yield/plant (550 g) and total yield/Feddan (8663 Kg), respectively (Table 6 ). These results are in good harmony with those reported by Bekhit et al. (2005) and Danilchenko et al. (2005) . Similar results were recorded by Kate et al. (2005) , Levya and Tai (2013), Khan et al. (2013) and Habib et al. (2014) . They found highly significant differences among potato genotypes concerning potato yield and its components.
Tuber size traits
LSD values of the tuber size traits showed that the highest percentage of the tuber size with more than 70 mm in diameter was obtained from the NAP; (60.2%); and the lowest percentage of both sizes less than 35 mm (6.6%) and 35-55 mm in diameter (12.8%) were also obtained from the same genotype (Table 6 ). On the other hand, the highest percentage of the small size; <35 mm in diameter (55.2%); and the least percentage of the big size; >70 mm in diameter (0.7%); were obtained from the OH genotype. The highest significant percentages of the medium tuber size were recorded for the genotypes Vr808 for the size 35-55 mm (35.2%) and Cleopatra for the size 55-70 mm in diameter (49.7%); while the lowest significant percentage of the size 55-70 mm in diameter (15.9%) was noted for the Mondia genotype (Table 6 ). Such differences in the total yield and its components among the tested cultivars may be related to the differences in their vegetative growth vigor and to their response to fertilizers and suitable weathering to growth characteristics. These results are in agreement with those reported by Arafa (2004) , Alva et al. (2008) and Alva et al. (2012) . Khan et al. (2013) , on the contrary, reported that pyramid height for Desiree cultivar indicated that maximum tuber yield, size and weight traits among all potato cultivars which contributed to its high yield.
Morphological Two-way Hierarchical Cluster Analysis
A two-way hierarchical cluster analysis was carried out using JMP IN 7 software for the twenty-six potato genotypes among the seven morphological traits. According to this analysis, the potato genotypes were separated into three main cluster groups. The first cluster was included the ALF, Liseta, Mozart, NIZ, Red Sun, Safari, Spunta, LYS, Adora, Mondial, RAF and NAP genotypes. The second group was included the Red Scarlett, Desiree, MEM, FIS, RAF, Fortus, Vr808, EIB, Colomba, Dynamica, Astrix and Cleopatra genotypes. The third cluster was included the OH and Sophie genotypes (Fig. 1) .
In the second way of the hierarchical clustering (traits clustering), the morphological traits were separated into two clusters. The first cluster included four morphological traits (tuber weight, tuber size >70 mm in diameter, yield/plant and total yield/Feddan) while the second cluster contained three morphological traits (tuber sizes of <35 mm and from 35-55 and 55-70 mm in diameter) (Fig. 1) . This result means that the yield traits and its component were clustered together along with the trait of tuber size >70 mm in diameter. Therefore, the tuber size >70 mm in diameter trait may be strongly correlated with the yield traits in potato plants.
Similar results were reported by Haydar et al. (2007) , who studied the genetic diversity of tuber yield traits and its components of 30 potato genotypes and they reported that the genotypes were grouped into six clusters and the maximum diversity was contributed by tuber weight/plant.
Molecular analysis
Ten RAPD and ten ISSR primers were used for PCR amplification of the 26 potato genotypes. The amplification of fragments was in different sizes depending upon the genotype (Fig. 2) . All RAPD and the half of the ISSR primers produced polymorphic fragments (Table 3 ). The total amplified fragments generated from each RAPD primer were ranged from 14 fragments for the OPW07 primer to 32 fragments for the OPB10 primer, while they were ranged from six to 13 fragments for the ISSR UBC818 and UBC811 primers, respectively. The polymorphic fragments percentage of the RAPD primers was ranged from 76.19% for the OPR02 primer to 88.46% for the OPA09 primer; and from 72.72% to 90.9% for the ISSR UBC817 and UBC810 primers, respectively (Table 3) . Comparable results were reported by Abbas et al. (2008) , who obtained amplification of 26.3 alleles per potato genotype using RAPD primers. They mentioned that the size of score able fragments were ranged from approximately 250 to >1000 bp. Similarly, Gauchan et al. (2012) produced 29 different marker fragments of which 69.0% were polymorphic. The same result was recorded for ISSR markers, whereas, Nováková et al. (2010) reported that both SSR and ISSR markers afford sufficient polymorphism for variety identification in Czech potato variety. Torabi-Giglou et al. (2015) studied the genetic diversity of wild and cultivated potato and they found that the average numbers of score able fragments which produced per primer using ISSRs were eight polymorphic fragments for all genotypes and the UBC826, UBC820 and UBC824 primers gave the best results for all attributes.
RAPD cluster analysis
Dendrogram was established depending upon the RAPD data (Fig. 3) .
According to the cluster analysis, the Mondial genotype was separated at the uppermost of the dendrogram apart of the other genotypes and the Red Sun genotype was separated at the lowermost of the dendrogram. The other 24 potato genotypes were separated into five clusters. The first cluster was located at the uppermost part of the dendrogram and contained the NAP, Safari, Adora, RAF, Cleopatra, RAF and Mozart genotypes. The second cluster was included the EIB, ALF, Spunta, NIZ, OH and FIS genotypes. The third cluster was involved the Desiree, Dynamica, MEM, LYS, Asterix and Sophie genotypes. The fourth cluster was contained the Fortus and Vr808 genotypes while the last cluster included the Liseta, Red Scarlett and Colomba genotypes (Fig. 3) . Genetic diversities among potato genotypes were identified by several researchers (Abbas et al., 2008; Rocha et al., 2010; Gauchan et al., 2012; Hoque et al., 2013) . All of them found a high level of genetic diversity among potato genotypes using cluster analysis.
ISSR cluster analysis
According to the ISSR analysis, the Mozart and ALF genotypes were separated apart of all other genotypes at the lower most of the dendrogram while the Mondial, Sophie, Liseta, NAP and Red Sun genotypes were distributed separately throughout the dendrogram (Fig. 4) . The other genotypes were separated into four clusters. The first cluster included the Cleopatra, EIB, OH, Adora, FIS and Vr808 genotypes. The second cluster contained RAF, Spunta, Fortus, Dynamica and Safari genotypes. The third cluster contained the Bartina and Asterix genotypes. The fourth cluster included the NIZ, Desiree, LYS, MEM, Red Scarlett and Colomba genotypes (Fig. 4) . Novák-ová et al. (2010) discriminated genetic relationships among twenty potato varieties using cluster analysis and they reported that the similarity values among these varieties were ranged between 65-80%. On the other hand, Torabi-Giglouet al. (2015) mentioned that pairwise species matrix of Neigenetic distance were varied from 0.058 to 0.645 among some potato genotypes based on ISSR marker.
Thus, it can be concluded that both morphological and molecular markers could be efficiently used to study genetic diversity in potato genotypes. Although the morphological characteristics are affected with the environment, their results could be supported by the molecular markers results.
SUMMARY
Twenty-six potato genotypes including seventeen cultivars were used to investigate the genetic diversity of potato plants (Solanum tuberosum L.) grown in Egyptian sandy soil using both morphological characteristics and molecular markers. The analysis of variance (ANOVA) of the potato yield traits and its components showed highly significant differences among the genotypes, the growing seasons and the interaction between genotypes and the growing seasons for all the studied traits. The NAP geno-type gave the highest significant values for the yield traits and the highest percentage of the tuber size more than 70 mm in diameter trait. The NIZ genotype gave the highest significant value (146.5 g) for the tuber weight trait. On the other hand, OH, Cleopatra and Sophie potato genotypes showed the least significant values for tuber weight and tuber size traits. According to the two-way hierarchical cluster analysis, the potato genotypes were separated into three main cluster groups, while in the second way of the hierarchical clustering (traits clustering), the morphological traits were separated into two clusters. According to RAPD cluster analysis, the Mondial genotype was separated at the uppermost of the dendrogram apart of the other genotypes and the Red Sun genotype was separated at the lowermost of the dendrogram. The other 24 potato genotypes were separated into five clusters. Depending upon ISSR cluster analysis; the Mozart and ALF genotypes were separated apart of all other genotypes at the lowermost of the dendrogram, while the Mondial, Sophie, Liseta, NAP and Red Sun genotypes were distributed separately throughout the dendrogram. The other genotypes were separated into four clusters. Thus, it can be concluded that both morphological and molecular markers could be efficiently used to study the genetic diversity among potato genotypes. Although the morphological characteristics are affected with the environment, their results could be supported by the molecular markers results. 
